(19) 



J) 



Europflisches Patehtamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 306 440 A1 



(12) 



EUROPEAN PATENT APPLiCATiON 
published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

02.05.2003 Bulletin 2003/18 

(21) Application number: 00949976.5 

(22) Date of filing: 03.08.2000 



(51) lntci7: C12N 15/84, C12N 5/14, 
A01H 1/00, A01H 5/00 

(86) International application number: 
PCT/JPOO/05213 

(87) International publication number: 

WO 02/012520 (14.02.2002 Gazette 2002/07) 



• KASAOKA, Kelsuke Japan Tobacco Inc. 
Plant Breeding 
Toyoda-cho, Iwata-gun, Shizuoka 438-080 (JP) 

• ISHIDA, Yu]! Japan Tobacco Inc. Plant Breeding 
Toyoda-cho, Iwata-gun, Shizuoka 438-0802 (JP) 



(84) Designated Contracting States: 

AT BE CH CY DE D K ES Fi FR GB QR IE IT LI LU 
NIC NLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(71) /Vppiicant: Japan Tobacco Inc. 
Tokyo 105-8422 (JP) 

(72) Inventors: 

• HIEI, Yukoh Japan Tobacco Inc. Plant Breeding 
Toyoda-cho, Iwata-gun Shizuoka 438-0802 (JP) 



(74) Representative: Ruffles, Graham Keith 
MARKS & CLERK, 
57-60 Lincoln's Inn Fields 
London WC2A3LS (GB) 



(54) METHOD OF IMPROVING GENE TRANSFER EFFICIENCY INTO PLANT CELLS 



(57) A method for gene introduction by which higher 
efficiency for gene introduction than that by the conven- 
tional Agrobacterium method may be attained simply 
and without Injuring the tissue is disclosed. According 
to the method of the present invention, the efficiency of 



gene Introduction into plant cells by a bacterium belong- 
ing to genus Agrobacterium is promoted by accompa- 
nying centrifugation of the plant cells or plant tissue. 
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Description 

Technical Field 

5 [00011 The present invention relates to a method for promoting efficiency of gene Introduction into plant 



Background Art 

[0002] The method for transformation using Agrobacterium has a number of excellent features including, in general, 
10 the high efficiency, the small number of copies of the introduced gene, the feature that the gene may be introduced 
without fragmenting a specific region called T-DNA, and the feature that the frequency of mutation occun^ed during 
cultivation is low because transfomiants may be obtained by cultivation for a short period of time. Therefore, the method 
is widely used as the most useful method for transforming various plants. 

[0003] Although the Agrobacterium method is an extremely excellent method for transforming plants, whether the 
15 transformation is successful or not and the transfomnation efficiency largely varies depending on the plant species, 
genotype and the plant tissue used (Potrylcus et ai. 1998 (Reference (33))). That is, there are species with which the 
transformation has not been successful, and species with which the transfonnation may be attained only with limited 
varieties. Further, there are species with which the tissue to be used is limited so that a large amount of matenals 
cannot be treated. To prepare a practical variety by genetic recombination, it is necessary to prepare a large number 
20 of transfomied plants and to select the line having the desired character therefrom. However, at present, the type of 
plants with which a large number of transfomned plants may be prepared for this purpose is limited. Thus, to develop 
an improved method by which this problem may be overcome is strongly demanded. 

[0004] Although the method for transformation via Agrobacterium differs in the starting material, composition of the 
culture medium and the Wke, it is almost common to the Agrobacterium method that the method comprises making a 

25 tissue which is astarting material contact a suspension oi Agrobacterium, selecting transformed cells after co-culturing, 
and growing transformed plants. The Agrobacterium is infected without perfonming a special treatment except for ster- 
ilization treatment which is carried out as required (Rogers et al. 1 988 (Reference (34)), Visser 1 991 (Reference (38)), 
McConnIck 1 991 (Reference (29)), Lindsey et al. 1 991 (Reference (28))). Thus, studies for improving transformation 
system has been earned out mainly on the Agrobacterium strain, constitution of the vector, composition of medium, 

30 types of selection marker gene and promoter, the type of the tissue used as the material, and the like. 

[0005] On the other hand, studies for changing the plant tissue before infection of Agrobacterium to a physiological 
state in which the genes are likely to be introduced have been scarcely made. If the physiological state of the tissue 
can be changed to such a physiologteal state by a simple treatment, the method is very useful, and it is expected that. 
In addition to the promotion of the transfomiation efficiency, transformation may be attained for the species or genotypes 

35 with which transformation has been hitherto difficult, that is a prominent effect. Known studies about pretreatment of 
plant tissue include particle gun treatment (Bidney et al., 1992 (Reference (5))) and uitrasonication treatment (Trick et 
al., 1 997 (Reference (37))). Both of these methods aim at promoting invasion of bacteria into the plant tissue by phys- 
ically injuring the tissue, so as to increase the number of plant cells infected. However, these methods are nothing 
more than developments of the leaf disk method (Horsch et al., 1985 (Reference (17))) and not treatments based on 

40 novel concepts. The degree of effectiveness and universality of the methods have not been clarified, and they are not 
used as general methods. 



Disclosure of the Invention 

45 [0008] Accordingly, an object of the present invention is to provide a method for promoting efficiency of gene intro- 
duction into plant cells, by which gene introduction can be attained simply with a higher efficiency than the conventional 
gene introduction by Agrobacterium method, without injuring the tissue. 

[0007] The present inventors intensively studied to discover that in the gene introduction method using Agrobacte- 
rium, the gene introduction efficiency may be significantly promoted by centrifuging the plant cells or plant tissue sub- 
so jected to the gene introduction, thereby completing the present invention. 

[0008] That is, the present invention provides a method for promoting efficiency of gene introduction into plant cells 
by a bacterium belonging to genus Agrobacterium, comprising centrifuging said plant cells or plant tissue. 
[0009] By the present Invention, a method for promoting efficiency of gene introduction into plant ceils, by which 
gene introduction can be attained simply with a higher efficiency than the conventional gene introduction by Agmbac- 
55 terium method, without injuring the tissue, has been provided. The method of the present invention may be applied to 
both monocotyledons and dicotyledons. 
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Brief Description of the Drawings 
[0010] 

5 Fig. 1 is a drawing for showing a method for constructing pTOK233 which is an example of super-binary vectors, 

that may preferably be employed In the present Invention. 

Fig. 2 is a gene map of pSB1 33 which Is an example of super-binary vectors, that may preferably be employed in 
the present Invention. 

Fig. 3 is a schematic view for showing the intermediate vector system and binary vector system which are major 
10 two vector systems of bacteria belonging to genus Agrobacterium. 

Fig. 4 is a schematic view showing two binary vector systems derived from super vim lent strain A281 oiAgmbao- 
terium tumefadens, 

[0011] In the above drawings, the following reference symbols denote the following meanings. 

15 

vIrB: the wrB gene In the virulence region of 71 plasmid pTiBo542 contained in Agrobacterium tumefadens A281 

virC: the v/iC gene in the virulence region of Ti plasmid p"nBo542 contained in Agrobacterium tumefadens ^BA 

virG: the w/G gene in the virulence region of Ti plasmid priBo542 contained in Agrobacterium tumefadens PiZBA 

BL: left border sequence of T-DNA of bacteria belonging to genus Agrobacterium 
20 BR: right border sequence of T-DNA of bacteria belonging to genus Agrobacterium 

TC: tetracycline resistant gene 

SP: spectinomycin resistant gene 

IG: Intron GUS gene 

HPT: hygronnycin resistant gene 
25 K: restriction enzyme Kpn I site 

H: restriction enzyme HindWl site 

Ampr: ampicillin resistant gene 

BAR: bar gene 

Pnos: promoter of nopaline synthetase gene 
30 Tnos: temninator of nopaline synthetase gene 

P35S: CaMV 35S promoter _ .. . 

COS, cos: COS site of X phage 

ORI. on: replication origin of C0IEI 

NPT, NPTII kanamycin resistant gene 
35 Vir: entire v/r region of TI plasmid of bacteria belonging to genus Agrobacterium 

S Vir: entire wr region of Ti plasmid pTiBo542 of super virulent bacteria belonging to genus Agrobacterium 

s vir*: fragment containing a part of Wr region of Ti plasmid pTiBo542 

Best Mode for Carrying out the Invention 

40 

[0012] The method of the present invention for promoting efficiency of gene introduction into plant cells by a bacterium 
belonging to genus Agrobacterium, comprises centrifuging the plant cells or plant tissue. The plant cells or plant tissue 
may be contacted with the bacterium belonging to genus Agrobacterium under nonnal gravity after centrifuging the 
plant cells or tissue, or the plant cells or tissue may be contacted with the bacterium belonging to genus Agrobacterium 

45 while centrifuging the plant cells or tissue. Preferably, the plant cells or plant tissue are(is) contacted with the bacterium • 
belonging to genus Agrobacterium under nonnal gravity after centrifuging the plant cells or tissue. 
[0013] The conditions for centrif ugatlon may appropriately be selected depending on the type of the plant used and 
the lil^e, and may usually be canned out under a centrif ugation acceleration of 1 0OG to 250,000G, preferably 500G to 
200,00OG, more preferably 1000G to 150,000G. The time for centrif ugation may appropriately be selected depending 

50 on the centrifugal acceleration, type of the plant used and so on, and Is usually and preferably not less than one second. 
There Is no upper limit of the centrif ugation time, and about 1 0 minutes may usually be sufficient for attaining the object 
of thecentrlfugation. When the centrifugal acceleration is large, the efficiency of Introducing genes may be significantly 
promoted even If the centrlfugation time is very short, for example, 1 second or less. On the other hand, when the 
centrifugal acceleration Is small, the efficiency of introducing genes may be significantly promoted by conducting the 

55 centrlfugation for a longtime. In mostcases, especially prefen-edcentrifugatlon conditions are about 500G to 200,000G, 
especially 1000G to 150,000G for about 1 second to 2 hours, and the appropriate centrlfugation conditions for the 
particular plant cells or tissue may be easily selected by a routine experiment. 

[0014] The method of the present invention is characterized by using the plant cells or plant tissue which were(was) 
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centrifuged, or by contacting the plant cells or plant tissue with a bacterium belonging to the genus Agrobacterium 
while conducting centrlfugatlon, and as the method for gene introduction or transfonnatlon perse using the bacterium 
belonging to the genus Agrobacterium, a well-known method may be applied as it is. 

[0015] The method for gene introduction or transfonnatlon per se into plants using a bacterium belonging to the 

5 genus Agrobacterium is well-known in the art and is widely used. 

[001 6] it is known for a long time that a soil bacterium Agrobacterium {Agrobacterium tumefadens) causes crown 
gall disease in a number of dicotyledons. In 1 970s, it was discovered that Tl piasmid concerns the virulence, and that 
the T-DNA which is a part of Ti piasmid is incorporated into the plant genome. Thereafter, it was proved that the T-DNA 
contains genes participating in synthesis of homnones (cytokinins and auxins) required for induction of tumor, and that 

10 the genes are expressed in plants in spite of the fact that the genes are bacterial genes. A group of genes existing in 
the virulence region (Wr region) in the Ti piasmid Is required for the excision of T-DNA and its transfer to plants, and 
the border sequences existing at the both ends of theT-DNA are necessary for the T-DNA to be excised. Agrobacterium 
ri)izogenesyNh\ch is another bacterium belonging to the genus Agrobacterium has a similar system on the Ri piasmid 
(Figs. 3 and 4). 

15 [0017] Since T-DNA is Incorporated into the plant genome by infection of Agrobacterium, it was expected that a 
desired gene may be incorporated into the plant genome by inserting the desired gene in the T-DNA. However, since 
TI piasmid is as large as not less than 190 kb. it was difficult to insert a gene into the T-DNA by a standard technique 
of genetic engineering. Thus, a method for introducing a foreign gene Into the T-DNA was developed. 
[0018] First, disarmed strains such as LBA4404 (Hoekema et al., 1983 (Reference (12))). C58C1{pGV3850) (Zam- 

20 bryski et al.. 1983 (Reference (40))), and GV3Ti11SE (Fraley et al., 1985 (Reference (9))), that have tumorlgenic Ti 
plasmids from which homnone synthetase genes were eliminated, were prepared (Fig. 3). Two methods employing 
such a strain, that is, a method by which a desired gene Is introduced into the Ti piasmid of Agrobacterium, and a 
method by which a T-DNA having a desired gene is introduced into Agrobacterium, were developed. One of these 
methods is the so called Intemiediate vector method (Fraley et ai., 1 985 (Reference (9)); Fraley et a!., 1 983 (Reference 

25 (10)); Zambryski et al., 1983 (Reference (40)), Japanese Laid-open Patent Application (Kokai) No. 59-140885 
(EP1 1 671 8)). In this method, an Intennedlate vector which Is easy to handle by genetic manipulation techniques, in 
which a desired gene may be inserted, and which can be replicated in E. coli is introduced into the T-DNA in the 
disarmed type Ti piasmid of Agrobacterium by triparental mating (Ditta et al., 1980 (Reference (8))). Another method 
is the so called binary vector method (Fig. 3), which is based on the fact that although the wr region is necessary for 

30 the T-DNA to be incorporated into plants, it is not necessary that the T-DNA and the vir region exist in the same piasmid 
((Hoekema et al., 1983). The wrregion contains w/A,,Wie, w/C, W/D, v/rE and v/YG (Plant Biptechnplpgy Encyclppedia 
(Enterprise Co., Ltd, (1989)), and the Wrregion is defined as those containing ail of virA, virB, w/C, viiD, wVE and w/G. 
Thus, the binary vector is a small piasmid which is replicable in both Agrobacterium and E. coll, and this piasmid is 
Introduced into Agrobacterium having a disamried type Ti piasmid. The introduction of the binary vector into Agrobac- 

35 terium may be carried out by electroporation method, triparental mating or the like). Binary vector includes pBIN19 
(Sevan, 1984 (Reference (4))), pB1121 (Jefferson, 1987 (Reference (19))), pGA482 (An et al., 1988 (Reference (2)), 
Japanese Laid-open Patent Application (Kokai) No. 60-70080 (EP 120516)), and a number of new binary vectors have 
been constmcted based on these vectors. In the system of Ri piasmid, similar vectors have been constructed and are 
used for transfonnatlon. 

40 [0019] Agrobacterium A281 (Watson et al., 1975 (Reference (39))) is a super-virulent strain, whose host spectrum 
is wide and whose efficiency of transfomiation is higher than other strains (Hood et al., 1 987(Reference (13)); Komari, 
1989 (Reference (21))). This feature is brought about by a Ti piasmid pTiBo542 contained in A281 (Hood et al., 1984 
(Reference (16)); Jin et al.. 1987 (Reference (20)); Komari et al., 1986 (Reference (24))). 

[0020] Two new systems using pTiBo542 has been developed. One system utilizes strains EHA101 (Hood et al., 
45 1986) and EHA105 (Hood et al., 1993) containing a Ti piasmid which is a disarmed type of pTiBo542. By applying 
these strains to the above-mentioned binary vector system, a system having a high efficiency of transfomiation was 
achieved, which is widely used for transfonnatlon of various plants. Another system is "super-binary" vector system 
(Hiei et ai., 1994 (Reference (11)); ishida et al., 1996 (Reference (18)); Komari et ai., 1999 (Reference (26)), 
WO94/00977, WO95/06722) (Fig. 4). Since this system comprises a disanned type Ti piasmid having the vir region 
50 (v/rA, W/B, w/C, viiD, vir€ and w/G) (each of these may also be hereinafter referred to as "v/rfragment region") and a 
piasmid having T-DNA, this is a kind of the binary vector system. However, it is different from the binary vector in that 
a super-binary vector (Komari, 1 990a (Reference (22))) in whteh a wrregion fragment (preferably a fragment containing 
at least virS or wrG, more preferably a fragment at least containing viiS and w>G) substantially lacking at least one of 
the fragments of vir region is incorporated into the piasmid having the T-DNA, i.e., the binary vector. To introduce a 
55 T-DNA region into which a desired gene has been inserted into an Agrobacterium having the super-binary vector, 
homologous recombination via the triparental mating method may be employed as an easy method (Komari et al., 
1996 (Reference (25))). It has been proved that the super-binary vector gives much higher transfomiation efficiency 
than the above-described various vector systems for a number of plant species (Hiei et al., 1994 (Reference (11)); 
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Ishida eta!., 1996 (Reference (18)); Komari, 1990b (Reference (23)); Lietal., 1996 (Reference (27)); Saitoetal., 1992 
(Reference (35))). 

[00211 In the method of the present invention, the host bacterium belonging to the genus Agrobactenum is not re- 
stricted, and Agrobactenum tumefaciens (e.g., the above-described Agrobactenum tumefaciens LBA4404 (Hoekema 

5 et ai., 1983 (Reference (12))) and EHA101 (Hood et al., 1986 (Reference (16))) may preferably be employed. 

[0022] The method of the present invention may be applied to any of the gene introduction systems as long as It is 
based on the expression of the group of genes In the v/r region In the bacterium belonging to the genus Agrobactenum 
so as to obtain significant effect. Thus, the method of the present Invention may be applied to any of the vector systems 
such as the above-described intemiediate vectors, binary vectors, super-virulent binary vectors and super-binary vec- 

10 tors so as to obtain the advantageous effect of the present Invention. The method of the present invention may also 
be applied to the vector systems obtained by modification of these vectors (e.g., those wherein the entire or a part of 
the wr region of a bacterium belonging to the genus Agrobactenum is excised and additionally incorporated into the 
plasmid, or the entire or a part of the vir region of a bacterium belonging to the genus Agrobactenum is excised and 
is introduced into Agrobactenum as a part of a new plasmid). Further, needless to say, by the method of the present 

15 Invention, the efficiency of introduction of the T-DNA region of wild type Agrobactenum is promoted so as to promote 
the infection efficiency. 

[0023] The desired gene to be Introduced into the plant may be Inserted Into a restriction site in the T-DNA region 
of the above-described plasmid by a conventional method, and the Agrobactenum into which the desired gene was 
incorporated may be selected based on an appropriate selection mari<er such as a dmg resistant gene against a drug 
20 such as kanamycin or paromomycin. In cases where the plasmid is large and has a number of restriction sites, it is 
not always easy to insert the desired DNA into the T-DNA region by an ordinary subcloning method. In such a case, 
the desired DNA may be inserted by the triparental mating method utilizing the homologous recombination in the cell 
of the bacterium belonging to the genus Agrobactenum. 

[0024] Introduction of the plasmid into a bacterium belonging to the genus Agrobactenum such as Agrobactenum 
25 tumefaciens may be carried out by a known method Including the above-mentioned triparental mating method, elec- 
troporatlon method, el octroi njection method and chemical treatments with PEG or the like, 

[0025] The gene which Is to be introduced into the plant Is, in principle, arranged between the left and right border 
sequences of theT-DNA as in the conventional method. However, since the plasmid is annular, the plasmid may contain 
only one border sequence. Alternatively, In cases where a plurality of genes are to be arranged at different sites, the 

30 plasmid may contain three or more border sequences. Alternatively, arrangement of the desired plasmid in the Ti or 
Ri plasmid may be performed in the.ceil of the bacterium belonging tgl^ or the desired gene 

maybe arranged in another plasmid. Further, the desired gene may be an-anged in a plurality of types of plasmids. 
[0026] Introduction of a gene into the plant cells via a bacterium belonging to the genus Agrobactenum may be 
attained by simply making the plant cells or plant tissue contact the bacterium belonging to the genus Agrobactenum. 

35 For example, a cell suspension of the bacterium belonging to the genus Agrobactenum having a population density of 
about 10^ to 10^^ cells/ml is prepared, and the plant cells or the plant tissue are(is) immersed in the suspension for 
about 3 to 1 0 minutes, followed by co-culturing the resultant on a solid medium for several days, thereby attaining the 
introduction of the gene. 

[0027] The cells or the tissue to be subjected to the gene introduction are(is) not restricted at all and may be a leaf, 
40 root,stem,frultoranyotherportion of the plant. Further, dedifferentiatedtissuesuch as acallus or a non-dedlfferentiated 
tissue such as an embryo may be employed. The type of the plant is not restricted at all, and anglosperms are preferred. 
As long as the plant Is an angiospemi, either dicotyledon or monocotyledon is preferred. 

[0028] As will be concretely shown in the following Examples, by the method of the present invention, the efficiency 
of gene Introduction Is significantly promoted when compared with the conventional Agrobactenum method. 



45 
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Examples 

[0029] The present invention will now be described by way of examples thereof. It should be noted that the present 
Invention is not restricted to the following Examples. 

Example 1 



(1) Agrobactenum Strains and Plasmids 

55 [0030] As the Agrobactenum and its vectors, LBA4404(pBI121) (pBI121 is commercially available from 
CLONETECH, U.S., (Jefferson RA 1 987 (Reference (1 9))),LBA4404(plG1 21 Hm) (Hiei. Y. et al.. 1 994 (Reference (11 )). 
LBA4404(pTOK233) (Hiei et al., 1994 (Reference (11))) and LBA4404{pSB133) (Fig. 2) were used. 
[0031] Construction of pSB 133 was earned out as follows: A DNA fragment having a size of 6.2 kb obtained by 
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digesting pGA482 (An G et al., 1985 (Reference (3))) with a restriction enzyme Sa/ 1 was ligated to a DNA fragment 
with a size of 5.1 kbp obtained by digesting pSBII (Komarietal., 1996 (Reference (25)) with Sa/ 1 to prepare a plasmld. 
This plasmid was then digested with restriction enzymes Eco Ri and BglWto obtain a DNA fragment with a size of 8.6 
kb. This DNA fragment was blunted and a Bgl ii linker (commercially available from TaKaRa) was inserted therein to 

5 obtain a piasmid pSB27. The pSB27 was digested with a restriction enzyme Hind III, and a DNA fragment with a size 
of 3.1 kb containing 35S promoter and an intron-GUS gene, which fragment was obtained by digesting piG221 (Ohta 
S et al., 1 990 (Reference (32)), was inserted therein to obtain pSB33. The pSB33 was introduced Into E. coli LE392, 
and then introduced Into Agrobacterium LBA4404 containing pSB1 (Komarl et al. , 1 998 (Reference (25))) by triparentai 
mating method (DItta G et al., 1 980 (Reference (8)). The pSB1 33 was obtained by homologous recombination between 

10 pSBI and pSB33 in the cell of Agrobacterium, The T-DNA region of pBII 21 contains a kanamycin-resistant gene (nptll) 
controlled by the promoter of nopaline synthetase gene (nos) and a GUS gene controlled by 35S promoter of cauliflower 
mosaic virus (CaMV). Each of the T-DNA regions of plG121Hm and pTOK233 contains an nptll gene controlled by 
nos promoter, an hpt gene controlled by 35S promoter, and a GUS gene controlled by the 35S promoter, which GUS 
gene contains introns of the cataiase gene of castor bean. The T-DNA region of pSB133 contains an nptll gene con- 

IS trolled by nos promoter and a GUS gene controlled by 35S promoter of CaMV, which GUS gene contains introns of 
the cataiase gene of castor bean (Fig. 2). The piasmids pSB133 and pTOK233 are super-binary vectors having high 
abilities of transformation (Komarl, T. et al., 1999 (Reference (26))). 

(2) Sample Varieties and Tissues 

20 

[0032] As the sample varieties, Koshihikari and Tsukinohikari, which are Japonica rice varieties, were used. Glumes 
of immature seeds at 8 to 14 days after flowering were removed and the seeds were sterilized with 70% ethanol for 
several seconds and with 1 % aqueous sodium hypochlorite solution containing Tween 20 for 1 5 minutes. After washing 
the seeds several times with sterilized water, Immature embryos with lengths of 1 .5 to 2 mm were excised and used 
25 as the sample tissue. 

(3) Centrifugation Treatment 

[0033] The immature embryos of rice were placed In tubes containing sterilized water and centrifuged under an 
30 acceleration of 760G to 150,000G using a micro high-speed centrifuge, large high-speed centrifuge or an ultra high- 
speed centrifuge. After the centrifugation. the immature embryos were infected with Agrobacterium, 

(4) Infection and Co-culturing 

35 [0034] The method for infection to the immature embryos and the method for co-culturing were in accordance with 
the methods by HIel et al. (1994) (Reference (11)). That is, after the centrifugation, the sterilized water in each tube 
was removed and suspension of Agrobacterium was added, followed by stirring the mixture with a vortex mixer for 5 
to 30 seconds. 

[0035] The suspensions of bacteria were prepared by collecting colonies of Agrobacterium cultured on AB medium 
40 (Chilton, M-D et al., 1 974 (Reference (6))) with a platinum loop and suspending the collected bacteria in modified AA 
medium (AA major inorganic salts, AA amino acids and AA vitamins (Torlyama K. et al., 1985 (Reference (36)), MS 
minor salts (Murashige, T et al., 1962 (Reference (30)), 1 .0 g/l casamino acid, 100 ^M acetosyrlngone, 0.2 M sucrose, 
0.2 M glucose). After leaving the mixture of Immature embryos and the suspension of Agrobacterium to stand at room 
temperature for about 5 minutes, the immature embryos were plated on a medium for co-culturing. As the medium for 
45 co-culturing, 2N6-AS medium (Hiei et al.1 994 (Reference (11 ))) was used except that the inorganic salts thereof were 
changed to the composition of R2 medium (Ohira et al. 1973 (Reference (31)). It should be noted, however, that the 
major inorganic safts (KNO3, KH2PO4, GaCl22H20, MgS047H20) were added to the medium to half concentrations. 
The density of the bacterial cells to be Infected was adjusted to 1 x 1 0^ to 1 x 1 0^ cfu/ml. The co-culturing was carried 
out for 3 to 13 days, and a portion of the immature embryo was treated with X-Gluc to check the expression of the 
50 GUS gene (IHiei et al. 1 994) (Reference (11 )). That Is, immediately after the co-culturing, the tissue was immersed in 
0.1 M phosphate buffer (pH 6.8) containing 0.1% Triton X-1 00, and was left to stand at 37°C for 1 hour. After removing 
Agrobacterium wUh phosphate buffer, phosphate buffer containing 1.0 mM 5-bromo-4-chloro-3-indolyl-p-D-glucuronic 
acid (X-gluc) and 20% methanol was added. After incubating the resultant at 37°C for 24 hours, tissueds colored in 
blue were observed under mteroscope. 

55 

(5) Selection of Transfomried Cells 

[0036] After the co-culturing, the immature embryos and callt were transferred to a primary selection medium con- 
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taining 250 mg/l carbenicillin and 250 mg/l cefotaxime, and further containing 200 mg/l paromomycin or 10 to 30 mg/ 
I hygromycin, and cultured at 30«C under luminous condition for 1 to 2 weeks. As the primary selection medium, 2N6K 
medium described in HIel et al. (1994) (Reference (11)) supplemented with D-sorbitol to 30 g/I was used (K medium). 
Further, a medium (N medium) which was the same as the 2N6 medium (inorganic salts and vitamins of N6 (Chu C. 
5 C. 1 978 (Reference (7))). 1 g/l casamino acid, 2 mg/l 2.4-D) except that the concentration of {NH4)2S04 was changed 
to 232 mg/l and that the amino acids of AA medium (Toriyama et al., 1985 (Reference (36)) were supplemented was 
also used In the test. 

[0037] The calll formed on the primary selection medium were transferred to a secondary selection medium contain- 
ing 250 mg/l cefotaxime and 250 mg/l carbenicillin, and further containing 200 mg/l paromomycin or 80 mg/l hygromycin, 
10 and cultured at 30°C under luminous condition for 1 to 2 weeks. As the secondary selection medium, a medium whteh 
was the same as N6-7 medium described in Hlei et al. (1994) (Reference (11)) except that the concentration of 
(NH4)2S04 was changed to 232 mg/l and that the amino acids of AA medium (Toriyama et al., 1 985 (Reference (36)) 
were supplemented was used. To the primary and secondary selection media containing paromomycin, agarose was 
added to 8 g/l as a solidifler. The rate of emerged resistant caili was investigated after the secondary selection. 

15 

(6) Regeneration of Transfomnants 

[0038] The call! resistant to the selection drugs, obtained from the scutella of immature embryos were plated on 
N6S3 medium (Hlei et al. 1994 (Reference (11)) for regeneration containing 250 mg/l carbenicillin and 250 mg/l cefo- 
20 taxime, and further containing 1 00 mg/l paromomycin or 50 mg/l hygromycin. 

(7) Checking GUS Expression in Regenerated Plants 

[0039] Leaves of the regenerated plants resistant to the dmgs, obtained by culturing for regeneration at 25°C under 
25 luminous condition for 4 to 5 weeks were checked for the expression of GUS gene by treating them with X-Gluc in the 
same manner as mentioned above (Hiei et al. 1994 (Reference (11)). The regenerated plants were transplanted to 
500-fold diluted aqueous Hyponex solution and cultivated at aS'^C under luminous coridition for about 2 weeks, followed 
by transplantation to pots in a green house. 

30 (8) Results 

(i) Discussion about Effects by Centrifugation Treatment 

[0040] Using a micro high-speed centrifuge, large high-speed centrifuge and an ultra high-speed centrifuge, the 
35 effect by the centrifugation treatment to the rice Immature embryos was tested. As a result, the efficiency of gene 
introduction was promoted when the acceleration was within the range of 10KG to 100KG (Tables 1 . 2, 3 and 6). As 
for the treatment time, advantageous effect was cleariy observed with the treatment for 1 0 minutes (Tables 4 and 5). 
The frequency of the transient expression of GUS was not different between the varieties, that Is, between Koshihikari 
and Tsukinohikari. Since not only the effect for promoting the efficiency of gene introduction, but also the effect for 
40 inducing fomiation of callus was observed, it was suggested that centrifugation treatment is effective for Induction and 
growth of calll and In the culturing of plants including other species. 

[0041] As shown In Table 6, induction of call! from the immature embryos of Tsukinohikari was not at all observed 
when the centrifugation was carried out at 250KG for 60 minutes using the ultra high-speed centrifuge. However, 
induction of calll was observed when the centrifugation was canied out at 110 KG for 60 minutes, and expression of 

45 GUS was also observed at high rate. Similariy, as for Koshihikari, induction of call! from the immature embryos of 
Tsukinohikari was not at all obsen/ed when the centrifugation was carried out at 250KG for 60 minutes using the ultra 
high-speed centrifuge. From these results, the advantageous effect by centrifugation for rice immature embryo Is 
thought to be obtained at an acceleration between 5 KG to 200 KG. Thus, in view of the simplicity of the treatment, 
when a micro high-speed centrifuge or a large high-speed centrifuge is used, the treatment at 20KG or 40KG is thought 

50 to be appropriate. Further, as shown in Tables 9, 1 0 and 1 1 , it was proved that by the centrifugation treatment at 20KG 
for 60 minutes, transfomnation using immature embryo may be attained not only for LBA4404(pSB1 33) having a super- 
binary vector known to have a high transfonnation ability, but also for LBA4404 (plG121Hm) containing an ordinary 
binary vector. 

55 (jj) Discussion about Centrifugation Treatment and Duration of Co-culturing 

[0042] As shown in Tables 7 and 8, the efficiency of GUS expression obsen^ed in the transient assay was higher 
when the duration of co-culturing was 6 or 13 days than when the duration of co-culturing was 3 days. In another 
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experiment, a high GUS expression was observed when the duration of co-culturing was 9 days. Various Immature 
embryos which underwent different durations of co-culturing are now cultured on a primary selection medium (1 0 ppm 
hygromycin, 200 ppm paromomycin), and there Is a tendency that the rate of emerging of drug resistant calli Is smaller 
in the group co-cultured for 9 or 13 days than In the group co-cultured for 3 or 6 days. 

5 

(ill) Examination of Efficiency of Transformation by Centrifugation Treatment 

[0043] At present, the GUS-posltive transfomiants (Tables 4 and 5) prepared as described above are acclimatized, 
and culturing is continued. For some lines, seeds were collected and fertility was checlced. As a result, no differences 
10 in morphology and fertility between the centrifuged transfonnants and the non-treated transformants (Koshlhilcarl and 
Tsukinohikari) were observed. 

[0044] Hiei et al. (1 994 (Reference (11))) reported that transformation may be attained with a relatively high efficiency 
using calli of rice. Aldemita RR et al. 1996 (Reference (1))) reported a case of transfomriation using rice immature 
embryo. To more effectively and more stably cany out these transfomiation methods, the above-described centrifuga- 
ls tlon treatment method Is very effective. Especially, although the quality of immature embryo is likely varied depending 
on the environment of culturing so that it is not easy to always obtain immature embryo suited for transfomnatlon, it 
may be possible to keep high efficiency of transformation by subjecting the immature embryo to the centrifugation 
treatment. Hiei et al. (1994) (Reference (11)) showed that a super-binary vector having a high transfomiation ability 
promotes the efficiency of transfomiation of rice. According to Aldemita RR et al. 1 996 (Reference (1 ))) , transfomiants 
20 were obtained only in the test using LBA4404(pTOK233) containing a super-binary vector. By the centrifugation treat- 
ment method according to the present invention, even when an ordinary binary vector Is used, a high efficiency of 
transformation Is attained, which is comparable to or even higher than that attained in the transfomiation using a super- 
binary vector. Further, by employing both the super-binary vector and the centrifugation treatment method, the efficiency 
may be even more promoted. Still further, it is expected that transfonnants may be obtained by employing the centrif- 
25 ugation treatment method for the varieties with which a transfonnant has not hitherto been obtained. 



Table 1 



Various Centrifugation Treatments and Results of GUS Expression after Co-culturing (Sample Strain: 

LBA4404/pSB133) 


Variety 


Population 
Density of 

Infected 
Bacterium 

(cfu/hrti) 


Not 
Treated 


Centrifugal Acceleration 


760 G 


8,500 G 


19,100 G 


Koshihikari 


1 X 108 


3/1 0(+) 


6/1 0(+) 


7/10(-i-i-) 


7/10(-M-+) 


1 X 109 


2/1 0(+) 


0/1 0(-) 


4/10(++) 


7/10(+++) 


Tsukinohikari 


1 X 108 


4/1 0(+) 


3/1 0(+) 


9/10(+++) 


7/10(+++) 


1 X 109 


1/10(+) 


6/10(++) 


2/1 0{+) 


7/10(+++) 



Time of Centrifugation Treatment: 1 0 minutes; Duration of Co-culturing: 3 to 5 days; Number of GUS-positlve immature 
45 embryos/Number of sample immature embryos 

The symbols In parentheses indicate the area of the region In scutella in which GUS was expressed. -: none; +: small; 
++: medium; +++: large 
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Table 2 



Rate of Emerging of Paromomycin-resistant Calli from Koshihikari Immature Embryos (Sample Strain: 
LBA4404/pSB1 33) 



Selection 
Medium 


Population 
Density of 

Infected 
Bacterium 

(cfu/mi) 


Not Treated 


Centrifugal Acceleration 








760 G 


8,500 G 


19,100 G 


N 


1X108 


4.8%{1/21) 


0.0%(0/22) 


15.0%(3/20) 


31.8%(7/22) 


medium 


1X109 


4.3%(1/23) 


4.5%(1/22) 


16.7%(3/18) 


13.3%(2/15) 


K 


1X108 


0.0%(0/21) 


0.0%(0/22) 


14.3%(3/21) 


18.2%(4/22) 


medium 


1x109 


0.0%(0/23) 


0.0%(0/21) 


0.0%(0/19) 


0.0%(0/22) 



Number of immature embryos from which resistant calli were derived/Number of sample immature embryos, checked 
after completion of the secondary selection 

Time of Centrifugation Treatment: 10 minutes; Duration of Co-culturing: 3 to 5 days 



Table 3 



Rate of Emerging of Paromomycin-resistant Calli from Tsuklnohikarl Immature Embryos (Sample Strain: 
LBA4404/pSB133) 


Selection 
Medium 


Population Density of 
Infected Bacterium 
(cfu/ml) 


Not Treated 


Centrifugal Acceleration 








760 G 


8,500 G 


19,100 G 


N 


1 X 108 


0.0%(0/11) 


O.0%(0/11) 


30.0%(3/10) 


36.4%{4/11) 


medium 


1 X 109 


0.0%(0/11) 


9.1%(1/11) 


27.3%(3/11) 


54.5%(6/11) 


K 


1 x108 


0.0%(0/10) 


0.0%(0/15) 


9.1%(1/11) 


9.1%(1/11) 


medium 


1 XlO® 


0.0%(0/11) 


0.0%(0/11) 


0.0%(0/11) 


45.5%(5/11) 



Number of immature embryos from which resistant calli were derived/Number of sample immature embryos, checked 
after completion of the secondary selection 

Time of Centrifugation Treatment: 10 minutes; Duration of Co-culturing: 3 to 5 days 



Table 4 



Time of Centrifugation Treatment and Results of GUS Expression after Co-culturing 


Strains and Plasmids 


Not 
Treated 


Time of Centrifugation Treatment 


1 0 minutes 


30 minutes 


60 minutes 


LBA4404(pSB133) 


9/1 0(+) 


9/10(++) 


10/10(++) 


10/10(+-H-) 


LBA4404(pTOK233) 


9/1 0(+) 


10/10(++) 


10/10(++) 


10/10(+++) 



Centrifugal acceleration: 2O,O00G; Sample Variety: Koshihikari; 

Number of GUS-positive immature embryos/Number of sample immature embryos area of the region in scutella In 
which GUS was expressed. +: small; ++: medium; +++: large 



EP 1306 440 A1 



Table 5 



Time of Centrifugation Treatment and Rate of Emerging of 
Paromomycin -resistant Calli (Variety: Koshihilcari) 


Selection Medium 


Cuituring Condition 


Not Treated 


Time of Centrifugation Treatment 








1 0 minutes 


30 minutes 


60 minutes 


N 

medium 


Luminous 
(30* C) 


0.0%(0/31) 


34.3%(12/35) 


35.0%(14/40) 


63.3%(16/30) 




Darl( 
(30'C) 


0.0%(0/32) 


54.1%(20/37) 


34.2%(13/38) 


58.6%(17/29) 


K 

medium 


Luminous 
(30*'C) 


0.0%(0/31) 


20.0%(7/35) 


38.5%(15/39) 


40.0%(12/30) 




Dark 
(30'C) 


0.0%(0/32) 


48.6%(17/35) 


41.0%(16/39) 


33.3%(10/30) 



Centrifugal acceleration: 20,000G; Duration of Co-culturing: 3 to 5 days, checked after completion of the secondaiy 
selection 

Number of immature embryos from which resistant calli were derived/Number of sample immature embryos 



Table 6 



Intensity of Centrifugation Treatment and GUS Expression after Co-culturing (variety: Isuklnohikari) 


Centrifugation Treatments 


Duration of Co-culturing 


Number of Immature Embryos 






Frequency of GUS Expression in Scutelia 








± 


+ 


++ 


Not Treated 


3 days 


6 


4 


0 


0 




6 days 


0 


2 


6 


2 


20KG1) 


3 days 


0 


0 


2 


8 




6 days 


0 


0 


2 


8 


40KG2) 


3 days 


1 


0 


1 


8 




6 days 


0 


0 


0 


10 


110KG3) 


3 days 


1 


0 


5 


4 




6 days 


0 


0 


2 


8 


250KG3> 


3 days 


10 


0 


0 


0 




6 days 


10 


0 


0 


0 



Sample Strain: LBA4404/plG1 21 Hm; Time of Centrifugation Treatment: 60 minutes 

1) micro high-speed centrifuge; 2) large high-speed centrifuge; 3) ultra high-speed centrifuge 

Rate of GUS-expressed area in scutelia: -: none; ±: <1/8; +: 1/8-1/4; ++: >1/4 



Table 7 



Centrifugation Treatment, Duration of Co-culturing and GUS Expression after Co-culturing (Variety: Tsukinohlkari) 


Centrifugation Treatments 


Duration of Co-culturing 


Number of Immature Embryos 


Frequency of GUS Expression In Scuteila 








± 


+ 


++ 




3 days 


5 


4 


1 


0 


Not Treated 


6 days 


0 


6 


2 


2 




13 days 


0 


5 


2 


3 
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Table 7 (continued) 



Centrifugatlon Treatment, Duration of Co-culturing and GUS Expression after Co-culturing (Variety: Tsukinohikan) 


Centrifugation Treatments 


Duration of Co-culturing 


Number of Immature Embryos 






Frequency of GUS Expression in Scutetia 








± 


+ 


++ 




3 days 


0 


2 


5 


3 


20KG 1) 


6 days 


0 


1 


3 


6 




1 3 days 


0 


1 


3 


6 




3 days 


0 


1 


7 


2 


40KG2> 


6 days 


0 


0 


8 


2 




1 3 days 


0 


1 


5 


4 



Sample Strain: LBA4404/plG121Hm; 1) micro high-speed centrifuge; 2) large high-speed centrifuge; Centrifugation 

was carried out for 60 minutes at the indicated revolution. 

Rate of GUS-expressed area in scutella: -: none; ±: <1/8; +: 1/8-1/4; ++: >1/4 



Table 8 



Centrifugation Treatment, Duration of Co-culturing and GUS 








Expression after Co-culturing (Variety: Koshihikari) 










Centrifugation 


Duration of Co-culturing 


Number of Immature Embryos 


Treatments 
















Frequency of GUS Expression in Scutella 








± 


+ 


++ 




3 days 


7 


3 


0 


0 


Not Treated 


6 days 


3 


1 


0 


0 




13 days 


1 


6 


2 


1 




3 days 


0 


0 


1 


9 


20KG 1) 


6 days 


0 


0 


2 


8 




13 days 


0 


0 


1 


9 




3 days 


1 


0 


4 


5 


40KG2> 


6 days 


0 


0 


0 


10 




1 3 days 


0 


0 


1 


9 



Sample Strain: LBA4404/pIG1 21 Hm; 1) micro high-speed centrifuge; 2) large high-speed centrifuge; Centrifugation 

was canied out for 60 minutes at the indicated revolution. 

Rate of GUS-expressed area in scutella: -: none; ±: <1/8; +: 1/8-1/4; ++: >1/4 



Table 9 



Results of Transformation by LBA4404(pBi121) (Variety: Tsukinohikari) 




Treatments 


Number of 
Immature Embryos 


Number of 
Acclimatized Plants 


Number of GUS- 
positive Plants 


Transfomiation 
Efficiency 


Not Treated 


50 


17 


12 


24.0(%) 


Centrifugation 
Treatment 


150 


60 


54 


36.0(%) 


Centrifugation Treatment: 20KG-60 minutes; Duration of Co-culturing: 5 days 
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Table 10 



Results of Transformation by LBA4404(plG121Hm) (Variety: Tsukinohikan) 




Treatments 


Number of 
Imnnature Embryos 


Number of 
Acclimatized Plants 


Number of GUS- 
posltive Plants 


Transfomnation 
Efficiency 


Not Treated 


40 


9 


3 


7.5(%) 


Centrifugation 
Treatment 


47 


10 


5 


10.6(%) 


Centrifugation Treatme 


nt: 20KG-60 minutes; Duration of Co-culturing: 5 days 
Table 11 


Results of Transfomiatlon by LBA4404(pBI121) (Variety: Koshlhikari) 




Treatments 


Number of 
Immature Embryos 


Number of 
Acclimatized Plants 


Number of GUS- 
positive Plants 


Transformation 
Efficiency 


Not Treated 


49 


4 


2 


4.1 (%) 


Centrifugation 
Treatment 


274 


35 


27 


9.9(%) 



Centrifugation Treatment: 20KG-60 minutes; Duration of Co-culturlng: 5 days 



Table 12 



Results of Transfomnation by LBA4404(pSB133) (Variety: Koshihikari) 




Treatments 


Number of 
Immature Embryos 


Number of 
Acclimatized Plants 


Number Of GUS- 
posltive Plants 


Transfonnation 
Efficiency 


Not Treated 


63 


0 




0.0(%) 


Centrifugation 
Treatment 


281 


30 


23 


8.2(%) 



Centrifugation Treatment: 20KG-60 minutes; Duration of Co-culturing: 3 days 



Example 2 



[0045] Immature embryos of maize witii a size of about 1 .2 mm (variety: A1 88. obtained from National Institute of 
Agrt)blologlcal Resources, The Ministry of Agriculture, Forestry and Fisheries) were aseptically collected and washed 
once with LS-inf liquid medium. To a centrifugal tube containing the immature embryo and 2.0 mi of LS-inf medium 
containing 100 \lM acetosyringone. a suspension o1 Agrobacterium tumefaciens LBA4404(pSB131) (Ishlda et ai. 1996 
(Reference (1 8))) was added to a population density of about 1 x 10® cfu/ml. and the resulting mixture was centrifuged 
at 40,000G, at 4°C for 30 minutes. The control embryo was left to stand In the same cell suspension at room temperature 
for 30 minutes. After the treatment, the mixture was gently stirred and plated on LS-AS medium such that the surface 
of hypocotyl contacts the medium. On the other hand, infection to immature embryos after centrifugation treatment 
was carried out as follows: Embryos aseptically collected were washed once with LS-inf liquid medium and transferred 
to centrifugation tubes containing the same medium, followed by centrifugation treatment at 20 KG or 40 KG at 4°C 
fori hour. The control sample was left to stand in the liquid medium at room temperature fori hour. After the treatment, 
the liquid medium was removed, and a suspension of LBA4404(pSB131) with a population density of about 1 x 10^ 
cfu/ml was added, followed by gently stlning of the mixture. Atter leaving the mixture to stand at room temperature for 
5 m inutes, the embryos were plated on LS-AS medium containing 1 0 AgNOg such that the surface of each hypocotyl 
contacts the medium. After co-culturing In the dark at25''Cfor3 days, an aliquot of the immature embryos was sampled 
and the transient expression of the GUS gene was checked by the treatment with X-gluc as In Example 1 . The above- 
described medium and method for culturing were In accordance with Ishida. Y et al. 1996 (Reference (1 8)). 
[0046] The transient expression of the GUS gene in the A188 Immature embryos infected with LBA4404(pSB131) 
is shown in Table 1 3. Although any embryo showed expression of the GUS gene, a number of the immature embryos 
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subjected to the centrifugation treatment showed expression in larger area than the control immature embryos. The 
Increase In the gene-introduced sites by the centrifugation treatment was observed in both cases wherein the centrif- 
ugation treatment was perfomried together with the Agrobacterium and wherein the Agrobacterium was Infected after 
the centrifugation treatment. Further, expression of the GUS gene was observed In larger area than in the control even 
if the intensity of centrifugation and the time of treatment were changed. 

[0047] By these results, the possibility that by culturing the Immature embryos after centrifugation treatment on a 
selection medium, transformed plants are obtained at higher efficiency than the control was suggested. Further, the 
possibility that the maize varieties (Ishlda et al. 1996 (Reference (18))) other than A188, which could not be hitherto 
transformed by the conventional Agrobacterium method, may be transfonned by the centrifugation treatment, was 
suggested. 



Table 13 



Transient Expression of GUS Gene in A188 Immature Embryos 


Test 


Treatment 


Number of Sample immature Embryos 


Expression of GUS Gene 




KG 


min 




+++ 


++ 


+ 




1 


40 


30 


27 


7 


10 


10 


0 




Control 


30 


30 


1 


17 


12 


0 


2 


40 


60 


20 


0 


3 


17 


0 




20 


60 


20 


0 


10 


10 


0 




Control 


60 


20 


0 


1 


19 


0 



Control was treated under 1G 

in Test 1 , centrifugation treatment was performed in the presence of Agrobacterium. 
In Test 2, Agrobacterium was infected after the centrifugation treatment. 

References 

[0048] 

(1) Aidemita RR, Hodges TK (1996) Agrobacterium tumefaciens-mediated transfonnatlon of japonica and indica 
rice varieties. Pianta 199: 612-617 

(2) An, G., Evert, P.R., Mitra, A. and Ha, SB. (1988) Binary vectors. In Gelvin, S.B. and Schiiperoort, R.A. (eds.), 
Plant Molecular Biology IVIanual A3. Kluwer Academic Press, Dordrecht, pp. 1-19. 

(3) An, G., Watson, BD., Stachel, S., Gordon. MP. & Nester, EW., (1985) New cloning vehicles for transfomiation 
of higher plants. EMBO J.; 4:277-288. 

(4) Sevan, M. (1 984) Binary Agrobacterium vectors for plant transfomiation. Nucleic Acids Res., 1 2, 8711-8721 . 

(5) Sidney, D., Scelonge, C. iVIartich, J., Burrus, M., Sims, L., and Huffmanm G. (1992) MIcroprojectiie bombard- 
ment of plant tissues increases transfonnatlon frequency by Agrobacterium tumefaciens. Plant Moi. Biol., 18, 
301-313. 

(6) Chilton. M-D., Currier, TC. Fan^and, SK. Bendich, AJ. Gordon. IVIP. & Nester EW. (1974) Agrobacterium tume- 
faciens DMA and PS8 bacteriophage DNA not detected in crown gall tumers. Proc. Natl. Acad. Sci. USA, 71: 
3672-3676 

(7) Chu, C. C, (1978) Proc. Symp. Plant Tissue Culture, Science Press Peking, pp.43-50 

(8) Ditta, G., Stanfield, S., Cortjin, D. and Helinslci, D.R. (1980) Broad host range DNA cloning system for Gram- 
negative bacteria: Construction of gene bank of Rhizobium meiiloti. Proc. Natl. Acad. Sci. USA, 77, 7347-7351 , 

(9) Fraiey, RT, Rogers, S.G., Horsch, R.B., Eichoitz, D.A. and Flick, J.S. (1 985) The SEV system: anew disanned 

Ti plasmid vector for plant transformation. Bio/technology, 3, 629-635. 

(10) Fraley, R.T., Rogers. S.G., Horsch, R.B., Sanders, PR., Flick, J.S., Adams, S.P., Bittner, l\/I.L., Brand, L.A., 
Fink, C.L, Fry, J.S., Galluppi, G.R., Goldberg, S.B., Hoffmann, N.L. and Woo, S.C. (1983) Expression of bacterial 
genes in plant cells. Proc Natl Acad Sci USA, 80, 4803-4807. 

(1 1 ) Hiel. Y. , Ohta, S. , Komari, T. and Kumashiro, T. (1 994) Efficient transformation of rice (Oryza sativa L.) mediated 
by Agrobacterium and sequence analysis of the boundaries of the T-DNA. The Plant Journal, 6, 271 -282. 

(12) Hoekema, A., Hirsch, P.R., Hooykaas, PJ, J. and Schiiperoort, R.A. (1 983) A binary plant vector strategy based 
on separation of vir- andT-region of the Agrobacterium tumefaciens Ti-plasmid. Nature, 303, 179-180. 

(13) Hood, E.E., Fraley, R.T. and Chiiton, M.-D. (1987) Virulence of Agrobacterium tumefaciens strain A281 on 



13 



EP 1306 440 A1 



legumes. Rant Physiol, 83, 529-534. 

(14) Hood, E.E., Gelvin, S.B., Melchers, LS. and Hoekema, A. (1993) New Agrobacterium helper plasmids for 
gene transfer to plants. Transgenic Res., 2, 208-218. 

(15) Hood, E.E.. Helmer, G.L.. Fraley, R.T and Chilton, M.-D. (1986) Tne hyperviruience of Agrobacterium tume- 
5 faciensA2B1 is encoded in a region of pTlBo542 outside of T-DNA. J. Bacteriol., 168. 1291-1301. 

(16) Hood, E.E.. Jen, G., Kayes, L. Kramer, J., Fraley, R.T. and Chilton, M.-D. (1984) Restriction endonuclease 
map of p*nBo542, a potential Ti-plasmid vector for genetic engineering of plants. Blo/technology, 2, 702-709. 

(17) Horsch, R. B., Fry, J. E., Hoffmann, N. L, Efchholtz, D., Rpgers, S. G. and Fraley, R. T(1985) A simple and 
general method for transferring genes into plants. Science 227, 1229-1231. 

10 (18) Ishida, Y, Saito, H.,Ohta, S., Hiei, Y, Komari, T and Kumashiro, T (1996) High efficiency transformation of 

maize (Zea mays L.) mediated by Agrobacterium tumefaciens. Nature Biotechnol, 14, 745-750. 

(19) Jefferson, R.A. (1987) Assaying chimeric genes in plants: the GUS gene fusion system. Plant Mol. Biol. Rep., 
5, 387-405. 

(20) Jin. S., Komari, T, Gordon, M.P. and Nester, E.W. (1 987) Genes responsible for the supervirulence phenotype 
15 of Agrobacterium tumefaciens A281 . J. Bacteriol., 1 69, 441 7-4425. 

(21) Komari, T. (1989) Transfomiation of callus cultures of nine plant species mediated by Agrobacterium. Plant 

Sci., 60, 223-229. 

(22) Komari, T. (1990a) Genetic characterization of double-flowered tobacco plant obtained In a transfomiation 
experiment. Theor. Appl. Genet., 80, 167-171. 

20 (23) Komari, T. (1990b) Transfomnation of cultured cells of Chenopodium quinoa by binary vectors that canry a 

fragment of DNA from the virulence region of p"nBo542. Plant Cell Reports, 9, 303-306. 

(24) Komari, T, Halperin, W. and Nester, E.W. (1 986) Physical and functional map of supervirulent Agrobacterium 
tumefaciens tumor-Inducing plasmid pTiBo542. J. Bacteriol., 166, 88-94. 

(25) Komari, T, Hiei, Y, Saito, Y, Mural, N. and Kumashiro, T. (1996) Vectors canying two separate T-DNAs for 
25 co-transformation of higher plants mediated by Agrobacterium tumefaciens and segregation of transfonnants free 

from selection maricers. Plant J, 10, 165-174. 

(26) Komari, T. and Kubo, T. (1999) Methods of Genetic Transfomnation: Agrobacterium tumefaciens. In Vasll, I. 
K. (ed.) Molecular improvement of cereal crops. Kluwer Academic Publishers, Dordrecht, pp. 43-82. 

(27) Li, H.-Q., Sautter, C, Potrykus, 1. and Puonti-Kaertas, J. (1996) Genetic transformation of cassava (Manlhot 
30 esculenta Crantz). Nature Biotechnol., 14, 736-740. 

(28) Lindsey, K., Galjpis, P. and_Eacly, C, (1991) Regeneration and transfonTiation of sugariseet by Agrobacterium 
tumefaciens. Plant Tissue Culture Manual B7:1-13. Kluwer Academic Publishers. 

(29) Mccormick, 8. (1991)Transformationof tomato with Agrobacterium tumefaciens. PlantTlssue Culture Manual 
B6:1-9. Kluwer Academic Publishers. 

35 (30) Murashige, T. and Skoog, F. (1 962) Physiol. Plant 15:473-497. 

(31 ) Ohira, K. , Ojima, K., Fujiwara, A. (1 973) Studies on the nutrition of rice cell culture I. A simple, defined medium 
for rapid growth In suspension culture. Plant Cell Physol., 14:1113-1121 . 

(32) Ohta, S., Mita, S., Hattori, T, Namamura, K. (1990) Construction and expression in tobacco of a p-glucuro- 
nidase (GUS) reporter gene containing an intron within the coding sequence. Plant Cell Physiol. 31 : 805-813. 

40 (33) Potrykus, I., Bilang, R., Futterer, J., Sautter, C. and Schrotl, M. (1998) Agricultural Blotecnology, NYMercel 

Dekker Inc. pp. 119-159. 

(34) Rogers, S.G., Horsch. R.B. and Fraley, R. T. (1988) Gene transfer in plants: Production of transformed plants 
using Ti plasmid vectors. Method for Plant Molecular Biology, CA: Academic Press Inc. pp.423-436. 

(35) Saito, Y, Komari, T, Masuta, C, Hayashi, Y, Kumashiro, T. andTakanami, Y. (1992) Cucumber mosaic virus- 
es tolerant transgenic tomato plants expressing a satellite RNA. Theor. Appl. Genet., 83, 679-683. 

(36) Toriyama, K. and Hinata, K. (1985) Plant Sci. 41 :1 79-1 83 

(37) Trick, H.N. and Finer, J.J. (1997) SAAT: sonication-assisted Agrobacterium-mediated transformation. Trans- 
genic Research 6:329-336. 

(38) Visser, R.G.F. (1991) Regeneration and transfomiation of potato by Agrobacterium tumefaciens. Plant Tissue 
so Culture Manual B5:1 -9. Kluwer Academic Publishers. 

(39) Watson, B., Currier, T.C., Gordon, M.P., Chilton, M.-D. and Nester, E.W. (1 975) Plasmid required for virulence 
of Agrobacterium tumefaciens. J Bacteriol, 123, 255-264. 

(40) Zambryski, P, Joos, H., Genetello, C, Leemans, J., Van Montagu, M. and Schell, J. (1983) Ti plasmid vector 
for the introduction of DNA Into plant cells without alteration of their normal regeneration capacity, EMBO J, 2, 

55 2143-2150. 



14 



EP1 306440 A1 

Claims 

1. A method for promoting efficiency of gene introduction into plant cells by a bacterium belonging to genus Agro- 
bacterium, comprising centrifuging said plant cells or plant tissue. 

5 

2. The method according to claim 1 , wherein said gene Introduction Is carried out after centrifuging said plant cells 
or plant tissue. 

3. The method according to claim 1 or 2, wherein the centrifugatlon Is earned out under a centrifugal acceleration of 
10 100Gto250,000G. 

4. The method according to claim 3, wherein said centrifugatlon is can-led out under a centrifugal acceleration of 
500G to 200,0003. 

IS 5. The method according to claim 4, wherein said centrifugatlon is canied out under a centrifugal acceleration of 
1000G to150,000G. 

6. The method according to any one of claims 1 to 5, wherein said centrifugatlon is canied out for 1 second to 4 hours. 
20 7. The method according to claim 6, wherein said centrifugatlon is canied out for 5 minutes to 2 hours. 

8. A method for preparing a plant characterized by using the method according to claim 1 to 7. 

9. Plant cells, plant tissue or plant prepared by the method according to claim 1 to 8. 

25 

10. The method according to any one of claims 1 to 7, wherein said plant cells or plant tissue used are(ls) originated 
from an angiosperm. 

11 . A method for preparing an anglospenn characterized by using the method according to claim 9. 

30 

12. Anglospemn cells, angiospemn tissue or anglospenm prepared by the method according to claim 1 0 or 11 . 

13. The method according to claim 10, wherein said plant cells or plant tissue used are(ls) originated from a mono- 
cotyledon. 

35 

14. A method for preparing a monocotyledon characterized by using the method according to claim 11 . 

1 5. The monocotyledon cells, monocotyledon tissue or monocotyledon prepared by the method according to claim 1 3 
or 14. 

40 

16. The method according to claim 1 3, wherein said plant cells or plant tissue are(ls) originated from a plant belonging 
to family Gramineae. 

17. A method for preparing a plant belonging to family Gramineae characterized by using the method according to 
45 claim 13. 

18. The cells of the plant belonging to family Gramineae, the tissue of the plant belonging to family Gramineae, or the 
plant belonging to family Gramineae prepared by the method according to claim 16 or 1 7. 

so 19. The method according to claim 1 6, wherein said plant cells or plant tissue are(ls) of rice or maize. 

20. A method for preparing rice or maize characterized by using the method according to claim 1 9. 

21 . Rice cells, rice tissue, rice, maize cells, maize tissue or maize prepared by the method according to claim 1 9 or 20. 

55 
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